INTRODUCTION
============

Hepatocellular carcinoma (HCC) is a major health problem, accounting for more than 700,000 new diagnoses per year.[@b1-gnl-11-693] HCC is also the third most common cause of cancer-related deaths globally, after lung and stomach cancers.[@b2-gnl-11-693] Although various therapeutic measures, such as surgery, local ablation, or transcatheter arterial chemoembolization, are often performed in patients with early or intermediate HCC,[@b1-gnl-11-693] systemic chemotherapy for advanced HCC has yet to be established.

Sorafenib (Nexavar; Bayer HealthCare Pharmaceuticals, Whippany, NJ, USA; Onyx Pharmaceuticals, South San Francisco, CA, USA) is an orally active multi-kinase inhibitor that suppresses malignant cellular proliferation and neoplastic angiogenesis and increases the rate of apoptosis in a wide range of tumor models.[@b3-gnl-11-693],[@b4-gnl-11-693] In a clinical setting, both the Sorafenib Hepatocellular Carcinoma Assessment Randomized Protocol (SHARP) trial and the Asia-Pacific (AP) trial proved its efficacy, documenting prolonged median survival and a nearly 3-month extension of time to radiologic progression.[@b5-gnl-11-693],[@b6-gnl-11-693] Sorafenib is the only approved systemic targeted chemotherapy for patients with advanced unresectable HCC.[@b7-gnl-11-693]--[@b10-gnl-11-693] Unfortunately, no proven second-line therapy is available to date, leaving supportive care or clinical trials of investigational molecular target agents as the only remaining options for patients who have failed guideline-stipulated sorafenib treatment.[@b7-gnl-11-693]

Most patients with advanced HCC experience disease progression or intolerability to sorafenib, even if liver function and performance status are acceptable. Although data on efficacy, safety, and prognosis of sorafenib use are available,[@b11-gnl-11-693],[@b12-gnl-11-693] little is known regarding the clinical disease course after treatment is discontinued. In a recent clinical trial where brivanib was used as a second-line therapy in patients who failed sorafenib therapy, the median survival time in the placebo arm was 8.2 months,[@b13-gnl-11-693] which is similar to the survival time in the SHARP trial and even longer than that in the AP trial. This suggests that there is a wide range of patient survival rates, even if sorafenib is withdrawn. Consequently, it is important to predict survival and identify prognostic factors following cessation of sorafenib due to progressive disease or intolerability, thereby optimizing candidate selection for second-line anticancer treatments or for best supportive care. Recent studies have addressed this issue and proposed that post-sorafenib survival can be influenced by performance status, prothrombin time, extrahepatic tumor spread, macrovascular invasion, reason for sorafenib discontinuation, and type of progression (intrahepatic/extrahepatic increase in tumor size, new intrahepatic lesion, or new extrahepatic lesion).[@b14-gnl-11-693],[@b15-gnl-11-693]

The aim of this retrospective study was to investigate survival outcomes and prognostic factors after sorafenib failure. In addition, a novel survival prediction model was developed and validated, using the prognostic factors identified.

MATERIALS AND METHODS
=====================

1. Patients
-----------

A total of 666 eligible patients with HCC who discontinued sorafenib treatment because of progressive disease (n=292, 43.8%), intolerability due to adverse events (n=147, 22.1%) and decreased liver function (n=167, 25.1%), and noncompliance (n=60, 9.0%) between September 2008 and February 2015 were selected for the study from the database of Yonsei Liver Center (Seoul, Korea). HCC was diagnosed based on histologic or radiologic evaluation, in agreement with guidelines of the American Association for the Study of Liver Disease or the European Association for the Study of the Liver.[@b16-gnl-11-693] Exclusion criteria were as follows: insufficient clinical data for statistical analysis, sorafenib treatment duration \<2 weeks, other significant comorbidities which might influence performance status or survival, and obscure date of stopping sorafenib.

Our study protocol upheld ethical guidelines of the 1975 Declaration of Helsinki and was approved by the Institutional Review Board of Severance Hospital. Given the retrospective nature of this study, informed consent was not required.

2. Sorafenib treatment
----------------------

Customary sorafenib dosage was 400 mg, twice daily. After initiating sorafenib treatment, all of the patients were monitored every 4 to 8 weeks by an experienced hepatologist with knowledge of the Common Terminology Criteria for Adverse Events (CTCAE). Sorafenib was administered continuously until disease progression based on the modified Response Evaluation Criteria in Solid Tumors (mRECIST) or early termination for grade 4 adverse events, decreased liver function, or noncompliance. During sorafenib treatment, if patients experienced grade 3 adverse events, the sorafenib dose was modified on an individual basis. After discontinuation of sorafenib for any reason, other options, such as clinical study participation or conventional systemic cytotoxic chemotherapy, were permissible as allowed by patient status and physician consent.

3. Study protocol
-----------------

This was a four-part study. Initially, each subject was randomly assigned (2:1 ratio) to a training cohort or a validation cohort, first identifying patient-related variables in the training cohort that impacted survival time after sorafenib cessation. The multivariate analyses were performed to extract meaningful prognostic indices, and resultant β regression coefficient of each variable was used to construct a new NEXT (Survival after Stopping Nexavar Treatment) scoring system. Third, the newly established NEXT scoring system was applied to the validation cohort to confirm its utility in properly stratifying patients by survival. Lastly, the prognostic accuracy of the NEXT score was validated in an external Korean cohort.

4. Statistical analysis
-----------------------

The interval between date of stopping sorafenib and death or last follow-up was used to calculate survival. Continuous variables were compared using the Student t-test or Mann-Whitney U test, and categorical variables were compared using chi-square or Fisher exact test. Variables with p\<0.05 in univariate analyses were included in multivariate analyses, and factors with p\<0.05 were ultimately selected as elements of the new formula. All of the variables significant in univariate analyses were tested using the Cox multivariate analyses. The multivariate Cox proportional hazard models were used to calculate the β regression coefficient, p-value, adjusted hazard ratio (HR), and its 95% confidence interval (CI) for each of the selected risk predictors. Survival was estimated using the Kaplan-Meier method, and between-group survival differences were assessed using the log-rank test. The discriminative ability of specific prediction models for survival was determined based on receiver operating characteristic (ROC) curve analysis, expressed as the area under the ROC curve (AUROC). All of the statistical analyses relied on standard software SPSS version 21.0 (SPSS Corp., Armonk, NY, USA), with a two-sided p-value \<0.05 considered statistically significant.

RESULTS
=======

1. Baseline characteristics overall and in patient subsets
----------------------------------------------------------

After excluding 257 ineligible candidates, a total of 409 patients with HCC who had discontinued sorafenib therapy were recruited for this study ([Fig. 1](#f1-gnl-11-693){ref-type="fig"}). Subjects were randomly assigned in a 2:1 ratio of training (n=272) or validation (n=137) cohorts. Baseline characteristics determined on the day of stopping sorafenib are shown in [Table 1](#t1-gnl-11-693){ref-type="table"}. The median age of the entire study population (men, 342; women, 67) was 57 years. In 191 patients (46.7%), performance status was poor (Eastern Cooperative Oncology Group \[ECOG\] score ≥2), whereas 98 (24.0%) and 120 (29.3%) patients had ECOG scores of 1 and 0, respectively. Child-Pugh classes A, B, and C included 185 (45.2%), 156 (38.1%), and 68 patients (16.6%), respectively. Etiology of HCC was hepatitis B virus (HBV) in 322 patients (78.8%), hepatitis C virus in 17 patients (4.2%), heavy alcohol consumption in 53 patients (13.0%), and others in 17 patients (4.2%). The median α-fetoprotein (AFP) level was 467.0 (interquartile range, 9.8 to 7,129.0) ng/mL. Barcelona Clinic Liver Cancer (BCLC) stage C and D was identified in 330 (80.7%) and 79 patients (19.3%), respectively.

Previous treatments prior to sorafenib use were trans-arterial chemoembolization or trans-arterial chemoinfusion in 62 patients (15.2%), hepatic artery infusion chemotherapy (HAIC) in 29 (7.1%), surgical treatment in 22 (5.4%), radiotherapy in five (1.2%), concurrent chemoradiotherapy in three (0.7%), liver transplantation in two (0.5%), radiofrequency ablation in one (0.2%), and combined treatments in 197 patients (48.2%). Anticancer treatment after sorafenib cessation included systemic chemotherapy in 45 patients (11.0%), radiotherapy in 25 (6.1%), TACE in 24 (5.9%), HAIC in 20 (4.9%), radiofrequency ablation in one (0.2%), and others in 10 patients (2.4%).

In the training cohort, median age (men, 225; women, 47) was 57 years, and the majority (82.7%, n=225) had virus-related HCC. As defined above, poor performance status and diminished liver function applied to approximately half of the training cohort (46.0% and 53.7%, respectively). High tumor burden (AFP level \>400 ng/mL) was identified in 137 patients (50.4%), and 55 patients (20.2%) had terminal stage HCC (BCLC D stage). In the validation cohort, median age (men, 117; women, 20) was 56 years, and none of the related baseline characteristics significantly differed from those of the training cohort (p\>0.05) ([Table 1](#t1-gnl-11-693){ref-type="table"}). Median duration of sorafenib treatment and median cumulative dosing in each cohort were similar (14.0 weeks in training cohort vs 12.9 weeks in validation cohort; 58,400 mg in training cohort vs 58,400 mg in the validation cohort; all p\>0.05).

2. Survival-related prognostic factors and multivariate analyses in training cohort
-----------------------------------------------------------------------------------

Based upon univariate analyses, an ECOG score ≥2, Child-Pugh class B or C, alanine aminotransferase (ALT) level \>40 IU/L, serum sodium levels ≤135 mEq/L, AFP level \>400 ng/mL, radiological progression, and 2nd-line chemotherapy after sorafenib failure were identified as significant indices of poorer survival (p\<0.05) ([Table 2](#t2-gnl-11-693){ref-type="table"}). Of these, four factors emerged as independent negative predictors of survival (p\<0.05) based on multivariate analyses as follows: poor performance (ECOG score ≥2; HR, 2.391; 95% CI, 1.205 to 4.743); decreased liver function (Child-Pugh class B or C; HR, 2.105; 95% CI, 1.039 to 4.266); low serum sodium level (≤135 mEq/L; HR, 2.499; 95% CI, 1.193 to 5.234); and high AFP level (\>400 ng/mL; HR, 2.329; 95% CI, 1.287 to 4.215) ([Table 2](#t2-gnl-11-693){ref-type="table"}).

3. Generating a NEXT score
--------------------------

Because of the overlap with ECOG and Child-Pugh class, we excluded BCLC staging to establish the new scoring system. In the training set, four independent predictors were significant predictors for overall survival. The regression coefficient of each risk predictor from the multivariate Cox proportional hazard model was divided by the regression coefficient of the Child-Pugh class, which was lowest among the four variables, and then was rounded to an integer value to generate each score respectively ([Table 3](#t3-gnl-11-693){ref-type="table"}). Then, we allocated 1 point for an ECOG score ≥2, Child-Pugh class B or C, serum sodium level ≤135 mEq/L, and AFP level \>400 ng/mL to generate new models, which showed acceptable AUROC values in predicting 1-, 3-, and 6-month survival (0.805, 0.809, and 0.774, respectively) ([Table 3](#t3-gnl-11-693){ref-type="table"}, [Fig. 2](#f2-gnl-11-693){ref-type="fig"}). Hence, this model served as the NEXT scoring system, with a range of 0 to 4 points. When applied to the validation cohort (n=137), AUROC values in predicting 1-, 3-, and 6-month survival were 0.783, 0.728, and 0.673, respectively (p\<0.05) ([Fig. 2](#f2-gnl-11-693){ref-type="fig"}).

4. Survival outcomes, based on risk stratification by NEXT score, in all of the patients, and patient subsets
-------------------------------------------------------------------------------------------------------------

Median survival of all of the patients was 3.9 months (range, 0.1 to 69.1 months), and survival rates at 1-, 3-, and 6-months were 77.5%, 49.1%, and 30.1%, respectively. When stratified by NEXT score into low-risk (NEXT score 0) (n=85, 20.8%), intermediate-risk (NEXT score 1 to 2) (n=202, 49.4%), and high-risk (NEXT score 3 to 4) groups (n=122, 29.8%), median survival times were 7.9 months (range, 1.2 to 69.1 months), 4.0 months (range, 10.4 to 41.0 months), and 1.0 month (range, 0.1 to 12.9 months), respectively ([Table 4](#t4-gnl-11-693){ref-type="table"}). Survival rates at 1-, 3-, and 6-months were 100.0%, 83.8%, and 56.3%, respectively for the low-risk group; 87.0%, 57.0%, and 35.5%, respectively for the intermediate-risk group; and 48.8%, 15.5%, and 5.4%, respectively for the high-risk group. Patients in the intermediate-risk (HR, 2.8) and high-risk (HR, 9.9) groups had significantly greater risks of mortality, compared to those in the low-risk reference group (p\<0.001). Median survival and survival rates of each risk group in training and validation cohort were summarized in [Table 4](#t4-gnl-11-693){ref-type="table"}. There were no significant differences in overall survival between the training and validation sets after stopping sorafenib (p=0.848) ([Supplementary Fig. 1](#s1-gnl-11-693){ref-type="supplementary-material"}). Kaplan-Meier curves of each risk group in the training and validation cohort confirmed that survival after stopping sorafenib significantly differed among groups (p\<0.05, log-rank test) ([Fig. 3](#f3-gnl-11-693){ref-type="fig"}).

5. External validation of NEXT score
------------------------------------

The NEXT score was validated externally (n=80). The mean age of the external cohort (men, 71; women, 9) was 57 years ([Supplementary Table 1](#s1-gnl-11-693){ref-type="supplementary-material"}). The median survival was 1.2 months (range, 0.1 to 71.8 months) for all of the patients, 13.8 months (range, 0.3 to 71.8 months) for the low-risk group, 1.6 months (range, 0.2 to 9.7 months) for the intermediate-risk group, and 0.4 months (0.1 to 5.7 months) for the high-risk group ([Supplementary Table 2](#s1-gnl-11-693){ref-type="supplementary-material"}). The AUROC values for prediction of 1-, 3-, and 6-month survival were 0.734 (95% CI, 0.637 to 0.831), 0.730 (95% CI, 0.621 to 0.863), and 0.713 (95% CI, 0.508 to 0.890), respectively (p\<0.05).

DISCUSSION
==========

In this study, the prognosis after cessation of sorafenib treatment in patients with HCC was poor, marked by a median survival time of only 3.9 months. Subsequently, four independent negative prognostic factors were identified in this setting, including an ECOG score ≥2, Child-Pugh class B or C, serum sodium level ≤135 mEq/L, and high AFP level \>400 ng/mL. Using these factors, the NEXT scoring system was able to predict mortality. This system showed acceptable accuracy in predicting mortality at 1-, 3-, and 6-months after sorafenib treatment when applied to training (AUROC, 0.774 to 0.809) and validation cohorts (AUROC, 0.673 to 0.783). When our study population was stratified based on the NEXT score into three groups to assess the difference in survival, the median survival of low and high-risk groups significantly differed between the training (9.2 months vs 1.2 months, respectively) and validation (5.8 months vs 0.8 months, respectively) cohorts (log-rank test, p\<0.05). These outcomes support the heterogeneity of survival outcomes, once sorafenib is discontinued.

Our study had several strengths. First, reliable statistical power was ensured based on the relatively large sample size (\>400 subjects) using the only approved first-line systemic targeted regimen (i.e., sorafenib) suitable to construct and validate a new prediction model. In a similar fashion, a recent Taiwanese study[@b17-gnl-11-693] showed that Child-Pugh class A status or potential eligibility for clinical trials correlated with a better prognosis in patients with advanced HCC who failed first-line therapy. The potential pitfalls of that investigation were its small overall sample size (\<200 subjects), a lack of adjustment for confounding prognostic influences, and the heterogeneity of first-line systemic regimens used. The latter included sorafenib (\~20%), sunitinib, brivanib, and bevacizumab, among others. Because sorafenib is the only targeted agent currently approved in this context, the clinical applicability of this Taiwanese study may be limited.

Other studies have reported survival outcomes (median progression-free survival, 4.6 to 9.85 months) after discontinuing sorafenib and have identified independent predictive variables. However, only patients with BCLC C stage HCC were recruited,[@b18-gnl-11-693] and patient sampling was sparse (n=85) despite limiting enrollees to sorafenib-treated patients.[@b15-gnl-11-693] Another distinct advantage is the simplicity of generating a NEXT score. The required determinants are readily available as routine laboratory tests and clinical data, making this predictive model easy to apply in routine clinical practice. Because other serum biomarkers, such as Ang2, can be assayed before starting sorafenib, revision of the NEXT score is possible based on future studies.

The NEXT score is generated from four prognostic factors carrying similar mortality risk. ECOG score and Child-Pugh class are well-known prognostic indices, even beyond this therapeutic context.[@b11-gnl-11-693],[@b19-gnl-11-693],[@b20-gnl-11-693] Child-Pugh score, a "robust" predictor of mortality, has been the standard for ranking patient status in cirrhosis for nearly three decades and in assessing end-stage liver disease.[@b21-gnl-11-693],[@b22-gnl-11-693] In a prior study by Shao *et al*.,[@b17-gnl-11-693] 36% of patients with preserved liver function and 11% of patients with good performance status at baseline eventually deteriorated to Child-Pugh class B or C and an ECOG score ≥2 after sorafenib treatment. Thus, our rationale to re-assess these two pivotal factors at the time of stopping sorafenib is valid. Low serum sodium levels, which also served as one of our independent predictors, is associated with severe complications, including ascites, hepatorenal syndrome, and even death.[@b23-gnl-11-693] Thus, it is not surprising that hyponatremia is one of our independent prognostic factors. A rise in tumor marker levels is suggestive of high HCC burden and malignant potential, whether or not morphologic progression is evident.[@b24-gnl-11-693],[@b25-gnl-11-693] Hence, an unfavorable prognosis was associated with heightened AFP levels in our cohort. However, the reason for sorafenib discontinuation did not show statistical significance (p=0.884); thus, we excluded this factor from the NEXT score.

Several limitations of this study are acknowledged, the first being its retrospective design. Potential bias in decisions to stop sorafenib treatment, particularly in the event of intolerance, may have influenced survival. In addition, the small number of patients in the validation group (n=80) compared to the number of patients in the training group (n=272) may have influenced the results. Next, second-line anticancer treatments after stopping sorafenib were given to approximately half of our patients (44.5%), as directed by physicians. Although we explored whether second-line anticancer treatment after sorafenib failure was prognostic, it was only significant in univariate analyses, probably due to the extremely short survival duration of the study population and the heterogeneity of second-line regimens. Thus, further prospective studies are required to resolve this issue. Third, because HBV is the most frequent etiology of HCC in Korea, different from Western countries, the NEXT score was externally validated using a second Korean cohort. For more widespread use of the NEXT score, validation studies in Western cohorts should be performed. Fourth, the mRECIST criteria have not been fully validated as response-assessment criteria during sorafenib treatment.[@b26-gnl-11-693] Lastly, in our study, we calculated the NEXT score based on clinical data obtained on the day of stopping sorafenib. Because the NEXT score was based on the binary categorization of four prognostic variables, few patients experienced improvement in the NEXT score during the 2 weeks after stopping sorafenib, and even fewer were re-classified into other risk groups. Although we believe that the time restriction may prevent further bias, further studies are required to address this issue.

In conclusion, we found that survival after discontinuing sorafenib was poor in patients with HCC. We also validated a newly developed NEXT scoring system to predict survival in this setting, based on four prognostic factors identified in our study population, which may be used to predict survival in patients whose sorafenib treatment is discontinued. Although further validation studies are required, the NEXT score may have merit in a second-line chemotherapeutic scenario, providing a basis for decisions on further treatment.
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![Flow of study participant selection. Of 666 patients with hepatocellular carcinoma (HCC) who discontinued sorafenib between September 2008 and February 2015, 257 were excluded based on defined criteria. The final statistical analysis reflected 409 qualified patients.](gnl-11-693f1){#f1-gnl-11-693}

![Receiver operating characteristic (ROC) curves for survival prediction models at (A) 1-, (B) 3-, and (C) 6-months in the training and (D) 1-, (E) 3-, and (F) 6-months in the validation sets. Among the potential prototypes, a new model, allocating 1 point each for Eastern Cooperative Oncology Group (ECOG) ≥2, Child-Pugh class B or C, serum sodium ≤135 mEq/L, and α-fetoprotein \>400 ng/mL, showed high area under the ROC curve values and was used to generate NEXT scores (Survival after Stopping Nexavar Treatment).](gnl-11-693f2){#f2-gnl-11-693}

![Survival curves of (A) training and (B) validation cohorts based on risk stratification according to the NEXT score (Survival after Stopping Nexavar Treatment). Kaplan-Meier curves of risk groups in the training and validation cohorts showed significant differences in survival after stopping sorafenib (p\<0.05, log-rank test).](gnl-11-693f3){#f3-gnl-11-693}

###### 

Baseline Characteristics on the Day of Stopping Sorafenib

  Variable                               All (n=409)         Training cohort (n=272, 66.5%)   Validation cohort (n=137, 33.5%)   p-value
  -------------------------------------- ------------------- -------------------------------- ---------------------------------- ---------
  Demographic variables                                                                                                          
   Age, yr                               57 (51--65)         57 (51--65)                      56 (52--64)                        0.765
   Male sex                              342 (83.6)          225 (82.7)                       117 (85.4)                         0.572
   Viral etiology                        339 (82.9)          222 (81.6)                       117 (85.4)                         0.404
    HBV                                  322 (78.7)          214 (78.6)                       108 (78.8)                         
    HCV                                  17 (4.2)            11 (4.0)                         6 (4.4)                            
    Alcohol                              53 (13.0)           36 (13.2)                        17 (12.4)                          
    Others                               17 (4.2)            12 (4.4)                         5 (3.6)                            
   Hypertension                          157 (38.4)          107 (39.3)                       50 (36.5)                          0.592
   Diabetes mellitus                     101 (24.7)          63 (23.2)                        38 (27.7)                          0.332
   ECOG ≥2                               191 (46.7)          125 (46.0)                       66 (48.2)                          0.676
   Child-Pugh class A                    185 (45.2)                                                                              
   Child-Pugh class B--C                 224 (54.8)          146 (53.7)                       78 (56.9)                          0.593
   MELD score                            19.8 (7.3--30.3)    19.3 (6.8--29.2)                 19.7 (7.0--31.8)                   0.660
  Laboratory variables                                                                                                           
   Alanine aminotransferase, IU/L        35.0 (23.0--59.5)   35.5 (23.3--59.0)                32.0 (23.0--63.5)                  0.263
   Serum sodium, mEq/L                   137 (133--140)      137 (133--140)                   136 (132--139)                     0.847
   α-Fetoprotein \>400 ng/mL             209 (51.1)          137 (50.4)                       72 (52.6)                          0.753
   Total bilirubin, mg/dL                1.1 (0.7--2.5)      1.1 (0.7--2.6)                   1.0 (0.7--2.1)                     0.237
   Serum albumin, g/dL                   3.2 (2.6--3.7)      3.2 (2.6--3.7)                   3.1 (2.7--4.0)                     0.253
   Prothrombin time, INR                 1.1 (1.0--1.3)      1.1 (1.0--1.3)                   1.1 (1.0--1.2)                     0.426
   Serum creatinine, mg/dL               0.8 (0.6--1.0)      0.8 (0.6--1.0)                   0.8 (0.7--1.0)                     0.664
  BCLC stage D                           79 (19.3)           55 (20.2)                        24 (17.5)                          0.596
  Anticancer treatment after sorafenib   182 (44.5)          128 (47.1)                       54 (39.4)                          0.171

Data are presented as median (interquartile range) or number (%).

HBV, hepatitis B virus; HCV, hepatitis C virus; ECOG, Eastern Cooperative Oncology Group; MELD score, model for end-stage liver disease score; INR, international normalized ratio; BCLC, Barcelona Clinic Liver Cancer.

###### 

Independent Predictors of Death in the Training Cohort (n=272)

  Variable                                    Univariate   Multivariate                  
  ------------------------------------------- ------------ -------------- -------------- -------
  During sorafenib treatment                                                             
   Adverse events (≥grade 3)                  0.088        \-             \-             \-
  At the time of stopping sorafenib                                                      
   Age, yr                                    0.130        \-             \-             \-
   Male sex                                   0.655        \-             \-             \-
   Viral etiology                             0.566        \-             \-             \-
   Hypertension                               0.363        \-             \-             \-
   Diabetes mellitus                          0.873        \-             \-             \-
   ECOG                                                                                  
    0--1                                      \<0.001      1.000                         
    ≥2                                                     2.391          1.205--4.743   0.013
   Child-Pugh class                                                                      
    A                                         \<0.001      1.000                         
    B--C                                                   2.105          1.039--4.266   0.039
   Alanine aminotransferase, IU/L                                                        
    ≤40                                       0.001        1.000                         
    \>40                                                   1.222          0.668--2.235   0.516
   Serum sodium, mEq/L                                                                   
    \>135                                     \<0.001      1.000                         
    ≤135                                                   2.499          1.193--5.234   0.015
   α-Fetoprotein, ng/mL                                                                  
    ≤400                                      \<0.001      1.000                         
    \>400                                                  2.329          1.287--4.215   0.005
   Radiologic progression                                                                
    No                                        \<0.001      1.000                         
    Yes                                                    1.594          0.822--3.091   0.168
   The reason for sorafenib discontinuation   0.884                                      
  After stopping sorafenib                                                               
   2nd-line chemotherapy                                                                 
    Yes                                       0.038        1.000                         
    No                                                     1.114          0.566--2.195   0.754

HR, hazard ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group.

###### 

Risk Stratification According to the Score Comprising Independent Prognostic Factors (NEXT Model) and Survival Prediction in the Training Cohort

  Variable                    β Coefficient   p-value                Risk scoring
  --------------------------- --------------- ---------------------- --------------
  ECOG ≥2                     0.872           0.013                  1
  Child-Pugh class B--C       0.744           0.039                  1
  Serum sodium ≤135 mEq/L     0.916           0.015                  1
  α-Fetoprotein \>400 ng/mL   0.845           0.005                  1
  Survival prediction                         AUROC (95% CI)         
   1 mo                                       0.805 (0.748--0.861)   
   3 mo                                       0.809 (0.758--0.860)   
   6 mo                                       0.774 (0.718--0.831)   

ECOG, Eastern Cooperative Oncology Group; AUROC, area under the receiver operating characteristic curve; CI, confidence interval.

###### 

Survival Outcomes According to Risk Stratification

  Risk                         Survival, median (range), mo   Overall survival rate, %   Cox regression                              
  ---------------------------- ------------------------------ -------------------------- ---------------- ------ ------------------- ---------
  Training cohort                                                                                                                    
   Low-risk (n=50)             9.2 (1.2--69.1)                100.0                      90.0             62.0   1.0                 
   Intermediate-risk (n=126)   4.2 (0.4--41.0)                86.5                       54.8             36.5   3.5 (2.1--5.9)      \<0.001
   High-risk (n=96)            1.2 (0.1--12.9)                52.1                       17.7             5.2    12.6 (7.63--21.8)   \<0.001
  Validation cohort                                                                                                                  
   Low-risk (n=35)             5.8 (2.4--19.0)                100.0                      73.3             46.7   1.0                 
   Intermediate-risk (n=76)    4.0 (2.0--6.9)                 87.8                       60.8             33.8   1.9 (1.1--3.3)      0.031
   High-risk (n=26)            0.8 (0.1--9.4)                 39.4                       9.1              6.1    6.7 (3.5--12.9)     \<0.001
  All participants                                                                                                                   
   All                                                                                                                               
   Low-risk (n=85)             7.9 (1.2--69.1)                100.0                      83.8             56.3   1.0                 
   Intermediate-risk (n=202)   4.0 (0.4--41.0)                87.0                       57.0             35.5   2.8 (1.9--4.1)      \<0.001
   High-risk (n=122)           1.0 (0.1--12.9)                48.8                       15.5             5.4    9.9 (6.6--15.0)     \<0.001

HR, hazard ratio; CI, confidence interval.

[^1]: Hye Won Lee and Hyun Soo Kim contributed equally to this work as first authors.
